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E-mail address: okustune@sun.ac.jp (T. Oku).Aim: Although glycemic index (GI) is very important in choosing appropriate foods for patients with dia-
betes mellitus, GI itself does not provide sufﬁcient information for choosing adequate foods. The validity
of GI is considered by measurement of blood glucose and insulin levels, and breath hydrogen excretion,
testing several cultivars in the same type food.
Methods: Twelve females, 23.8 y participated in this within-subject, repeated-measures study. To clarify
variations in GI in inter-cultivars of various foods, we examined four white rice and three potato cultivars
and three noodle brands. Starchy-foods with a glucose equivalent of 50 g were repeatedly and randomly
given to each subject. Blood and end-expiration were collected at selected periods.
Results: The signiﬁcant difference of GI and insulinemic index (II) was not observed among the four white
rice cultivars, though II of one cultivar were smaller than those of other three white rice cultivars. GI of
three potato cultivars was relatively small, but the range of II was very large among three cultivars. More-
over, GI did not correspond to II among three noodle brands. AUC-3 h-glucose and AUC-3 h-insulin scores
of white rice and noodle were signiﬁcantly larger than those for 2 h. The amount of breath hydrogen
excretion showed a negative correlation to GI of tested foods.
Conclusions: We should recognize that rare foods in which GI does not correspond to II exist in the cul-
tivar of foods used for diet therapy of diabetes mellitus. We propose the addition of other information
such as II and breath hydrogen excretion of selected foods.
 2010 International Journal of Diabetes Mellitus. Published by Elsevier Ltd.
Open access under CC BY-NC-ND license.1. Introduction
The glycemic index (GI) is an indicator of the early response of
postprandial blood glucose, and is currently used to choose suit-
able foods in diet therapy for diabetes mellitus. It is true that GI
contributes to the prevention and the recovery of diabetes mellitus
and metabolic syndromes. However, GI itself seems not to provide
sufﬁcient information for choosing adequate foods in diet therapy,
though it is an interesting concept to use GI in this way to help pa-
tients with diabetes mellitus or other metabolic syndromes [1–3].
Indeed, new concepts such as glycemic load, glycemic impact, gly-
cemic glucose equivalent and carbohydrate counting have recently
been proposed to enhance the use of the GI [4–6].
In order to inﬂuence systemic metabolism, it is more important
for patients to control postprandial blood insulin, rather than blood
glucose, because the patients have to suppress ﬁnal insulin secre-
tion from the pancreas [7]. However, there are some foods and
combinatorial diets that do not show a low insulinemic index (II)ellitus. Published by Elsevier Ltd.
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Odespite their low GI [8–12]. Furthermore, although foods with
abundant fat and protein that are low in carbohydrates surely have
a low GI, they provide high available energy. The nutritional com-
ponents of these non-starchy foods are not presumed from GI.
Information besides GI can provide more suitable diet therapy for
diabetes mellitus or other metabolic syndromes. GI is calculated
based on the area under the curve (AUC) for incremental blood glu-
cose until 2 h after the ingestion of food [13,14], but the AUC until
3 h or more after ingestion may more accurately reﬂect the rele-
vant features of the food. This is because there are some foods
where the ratio of AUC of blood glucose versus that of 50 g of
glucose for 2 h is different from the ratio of AUC of blood glucose
versus that of 50 g of glucose for 3 h.
The GI score is low when the carbohydrate in foods is digested
slowly and then absorbed in the small intestine [15], or are not
digested by the inhibition to digestive enzymes and are then
transferred to the lower intestine [16]. When carbohydrates are
not digested and are fermented by intestinal microbes in the large
intestine, hydrogen is produced and excreted in the breath
[17–19]. Digestible carbohydrate, which rapidly increases blood
glucose after ingestion, does not produce hydrogen, while non-
digestible carbohydrate, which does not increase blood glucose,
produces spontaneously breath hydrogen [20,21]. Therefore, it ispen access under CC BY-NC-ND license.
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relation to breath hydrogen excretion. Breath hydrogen excretion
was used in the present study, as a new parameter to enhance
the data provided by blood glucose and insulin levels.
GI scores have been reported for approximately 1300 foods in
GI data bases [5], but data on both blood glucose and insulin levels
are limited. Additionally, to the best of our knowledge, it is the var-
iation in the GI depending on different inter-cultivars or inter-
brands of the same class of food has been insufﬁciently discussed,
even though there are many cultivars of foods such as rice and
potatoes. The aim of the present study was to examine and to con-
sider the validity of GI of different varieties of same type food by
measuring insulin levels, and breath hydrogen excretion in healthy
subjects.2. Materials and methods
2.1. Subjects
Twelve healthy females, aged 23.8 ± 3.7 y and with a body mass
index of 20.3 ± 1.9 kg/m2 participated in this study. The exclusion
criteria were a history of diabetes, carbohydrate malabsorption,
obesity or pulmonary disease. The average and standard deviation
(SD) of fasting blood glucose levels of subjects was 83 ± 4.3 mg/
100 mL. The subjects had not taken antibiotics or laxatives for at
least 2-week prior to the experiment. All subjects provided their
informed consent to participate in the study.
2.2. Test foods
To clarify variations in the GI in the inter-cultivar of various
foods, the present test substances were four cultivars of white rice,
three cultivars of potato and three brands of noodle (Table 1).
White rice-1 (had already cooked and packed with a plastic con-
tainer) was purchased from Sato Foods Co. (Niigata, Japan) and
white rice-2 (Nihonbare), white rice-3 (Hinohikari) and white
rice-4 (Koshihikari) were cooked using an electric rice cooker
(SR-JTM15; Matsushita Electric Industrial Co. Ltd., Osaka, Japan).
The three potato cultivars (Nishiyutaka, Ainoaka, Dejima) were
cut to the size of about 1.3 cm3 and then cooked using a microwave
oven (NE-S300F; Matsushita Electric Industrial Co. Ltd., Osaka, Ja-
pan) for approximately 90 s, and the three noodle brands (Shima-
bara-udon, Goto-udon, and Katokichi-udon) were cooked
according to the manufacturers’ instructions using a cookpot.
White bread and sponge cake (Castilla, made with wheat ﬂour)
were purchased from a nearby grocery store. To ingest available
carbohydrates with a glucose equivalent of 50 g, 135–150 g of
cooked white rice and 284 g of steamed potato were given to eachTable 1
Nutritive components of test foods.
Foods Weight per portion (g) Energy (kcal)
Glucose 50 194
Rice-1 (Sato-no-gohan) 150 225
Rice-2 (Nihonbare) 135 227
Rice-3 (Hinohikari) 142 223
Rice-4 (Koshihikari) 142 223
Potato-1 (Nishiyutaka) 284 210
Potato-2 (Ainoaka) 284 210
Potato-3 (Dejima) 284 210
Noodle-1 (Simabara-udon) 170 242
Noodle-2 (Goto-udon) 170 237
Noodle-3 (Katokichi-udon) 172 230
White bread (Yamazaki) 107 279
Sponge cake (Castilla) 80 250
TDF: total dietary ﬁbers.
* Carbohydrate: that is published in ‘‘Standard tables of food composition in Japan, ﬁfthsubject and were eaten without other dishes, and 170–172 g of
cooked (boiled) noodles were eaten with the arranged soup. White
bread (107 g) and sponge cake (80 g) were also eaten by each sub-
ject. We determined the portion size based on the available carbo-
hydrate that is published in ‘‘Standard tables of food composition
in Japan, ﬁfth revised edition” or that is analyzed by Japan Food Re-
search Laboratories (Tokyo, Japan). Glucose (50 g) was dissolved in
150 mL of warmed water and then the solution was drunk adding
approximately 100 mL of warmed water by each subject.2.3. Experimental protocol
This study was performed using a within-subject, repeated-
measures design, and the test solution and foods were given in ran-
dom order with intervals of at least 1 week. The period of total
experiment was 2.5–3 months and we carried out the experiment
in the best season to be able to obtain the high quality foods con-
stantly. The subjects ingested the test substances within a few
minutes. The experimental protocol was carried out in accordance
with our previous study [19,21,22]. After overnight fasting, the
subject’s health status was examined, the food intakes for last
1 week was interviewed, and blood pressure and pulse rate were
measured, and then a baseline blood sample and end-expiratory
gas were collected. After ingesting the test food, blood was col-
lected from the ﬁngertips using a heparinized capillary tube
(hematocrit tube) at 15, 30, 45, 60, 90, 120, 150 and 180 min,
and 750 mL of end-respiration after dead-space air was eliminated
were collected at 1 h intervals for 8 h. The subjects consumed their
usual diet and they were prohibited from ingesting foods contain-
ing non-digestible carbohydrates starting at 3 days before each
experimental day. We provided supper, which consisted of cooked
paddy white rice, chicken, a small amount of cabbage, and soup on
the day before each experiment. We have already evaluated that
the breath hydrogen was not detected by the ingestion of these
foods for supper. The subjects were prohibited from ingesting
foods containing non-digestible carbohydrates starting at 3 days
before the experimental day. During the experiment, they were
also prohibited from ingesting food or beverages except for water,
as well as from sleeping or smoking. The subjects ingested an
experimental meal which had been previously tested that breath
hydrogen was not produced, after the ﬁnal collection of blood, so
the subjects would not feel hungry.2.4. Analysis of blood glucose, insulin and breath hydrogen
Blood samples were centrifuged at 13,750g (Kubota 3110 for
hematocrit; Kubota Corp., Tokyo, Japan) for 5 min at room temper-
ature to separate plasma. Plasma glucose was measured inCarbohydrate* (g) Protein (g) Fat (g) TDF (g)
50.0 0.0 0.0 0.0
50.0 3.9 0.9 0.5
50.1 3.4 0.4 0.4
50.1 3.7 0.9 0.4
50.1 3.6 0.9 0.4
50.0 4.5 0.3 5.1
50.0 4.5 0.3 5.1
50.0 4.5 0.3 5.1
50.0 7.4 1.4 1.5
50.0 6.6 1.1 1.4
49.9 5.5 1.0 1.4
49.9 9.7 4.5 2.5
49.9 5.0 3.5 0.5
revised edition” or that is analyzed by Japan Food Research Laboratories.
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and plasma insulin was measured using an enzyme-linked immu-
nosorbent assay kit [24] (Seikagaku Corp., Kanagawa, Japan).
Breath hydrogen was analyzed in duplicate, using a simple gas
chromatograph (Breath Gas Analyzer TGA2000; Teramecs Co.
Ltd., Kyoto, Japan).
2.5. Calculation and statistical analysis
GI scores were calculated in accordance with calculation meth-
od in GI methodology [25,14]. Incremental blood glucose AUCPeriods after ingestion (min)
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Fig. 1. Curves of elevation of blood glucose and insulin after the ingestion of glucose an
within 1 min, and ate test foods containing available carbohydrate with a glucose equiva
from the ﬁngertip using a heparinized capillary tube at 15, 30, 45, 60, 90, 120, 150 and 1
brands, respectively. Values are expressed as mean ± SD. A signiﬁcant difference was fo
Tukey’s test.versus time were calculated using the trapezoidal rule with fasting
values as the baseline, and the ratio of AUCs for 2 h versus 50 g of
glucose ingestion was considered to be the GI. II was calculated
using the same methods. The mean and SD of the incremental
blood glucose and insulin from the baseline as well as the concen-
trations of breath hydrogen were calculated using all 12 subjects.
The AUCs of blood glucose and insulin for 2 h (AUC-2 h-glucose
and AUC-2 h-insulin) and 3 h (AUC-3 h-glucose and AUC-3 h-insu-
lin) after ingestion were calculated, when AUC of 50 g of glucose
was 100. AUC of breath hydrogen for 8 h after ingestion of test
materials were calculated when AUC of 50 g of glucose is 1. One-0
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lent of 50 g with 150 mL of water within 5 min. About 150 lL of blood was collected
80 min. (A) Four white rice cultivars, (B) three potato cultivars, and (C) three noodle
und between values with same lowercase letters at each time point, at p < 0.05 by
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analyze the difference among cultivars of same type food, the dif-
ference between AUC-2 h and AUC-3 h of glucose and insulin were
compared with paired Student’s t-test, and Pearson’s correlation
was analyzed. A p-value of less than 0.05 was considered signiﬁ-
cant with two-sided analysis using SPSS ver.12 forWindows, Japan,
(SPSS Inc., Tokyo, Japan).
2.6. Ethics
The study protocol was approved by the ethical committee of
University of Nagasaki, Siebold. All experiments were carried out
in the Public Health Nutrition Laboratory of the Graduate School
of Human Health Science, University of Nagasaki, Siebold.
3. Results
No subjects withdrew and all of them completely performed
without side effects. Their health status was good through the full
period of the experiment.
3.1. Cultivar variations in the GI and II
Fig. 1 shows the curves of blood glucose and insulin and Table 2
shows a summary of the GI and II of the tested foods.
3.1.1. GI and II of the four cultivars of white rice
Fig. 1A shows blood glucose and insulin level curves, when four
cultivars of white rice were ingested by 12 subjects. The mean of GI
of the four white rice cultivars was 72 ± 5 with little variation, and
the signiﬁcant difference of GI was not observed among four culti-
vars (Table 2). IIs of white rice-1, -3 and -4 were very similar, and
corresponded to the GIs, while II of white rice-2 tended to be smal-
ler than those of the other three white rice cultivars (Table 2).
However, the signiﬁcant difference of II was not observed among
four white rice cultivars.
3.1.2. GI and II of the three cultivars of steamed potato
The GIs of the three potato cultivars were 64, 63 and 54, respec-
tively (Table 2), and the range of variation was relatively small.Table 2
AUCs of blood glucose and insulin for 2 h and 3 h, difference in cultivar in rice, potato and
Foods AUC-glucose
2 h (GI) 3 h 2–3
Glucose 100 100 –
Rice
Rice-1 71 ± 25 86 ± 28 <0.
Rice-2 69 ± 28 82 ± 34 <0.
Rice-3 74 ± 23 82 ± 24 <0.
Rice-4 75 ± 14 88 ± 17 <0.
Difference in cultivar (p-value) N.S. (0.95) N.S. (0.55) –
Potato
Potato-1 64 ± 15 65 ± 17 N.S
Potato-2 63 ± 19 63 ± 19 N.S
Potato-3 54 ± 17 52 ± 17 <0.
Difference in cultivar (p-value) N.S. (0.12) N.S. (0.28) –
Noodle
Noodle-1 62 ± 27 80 ± 36 <0.
Noodle-2 38 ± 15 49 ± 20 <0.
Noodle-3 55 ± 7 67 ± 15 <0.
Difference in cultivar (p-value) <0.05 <0.05 –
White bread 58 ± 25 59 ± 15 <0.
Sponge cake 64 ± 20 65 ± 19 <0.
* 2–3 h: difference between AUC-2 h and AUC-3 h.However, the insulin level curves showed greatly different re-
sponses among the three potato cultivars (Fig. 1B-2). The range
of II between potato-1 and potato-3 was 50, and II was signiﬁcantly
different among the three potato cultivars (p < 0.05). These results
demonstrate that there are rare foods in which II does not corre-
spond to GI in potato cultivars.3.1.3. GI and II of the three brands of noodle and others
The blood glucose concentrations of the three noodle brands
were much lower than that of 50 g of glucose until 60 min after
ingestion (Fig. 1C-1). The 38 of GI of noodle-2 was lower in com-
parison with those (55 and 62) of two other brands (Table 2),
and the range of GI was signiﬁcantly different among the three
noodle brands (p < 0.05). The 22 of II scores in two brands (noo-
dle-1 and -2) were less than half of 46 of II of noodle-3. The II
scores were signiﬁcantly different among the three noodle brands
(p < 0.05).
GI of white bread was slightly smaller than that of sponge cake,
but II of white bread was slightly larger than that of sponge cake.
These values of GI were roughly similar to those of potato.3.2. Correlation between GI and II
Table 3 shows that GI and II of foods tested in this study were
extrapolated on the regression equation between GI and II for 43
starchy foods, which the data from several papers were combined
by Björck et al. [26]. Potato-2 and noodle-1 stand apart from the
regression line (y = 0.746858x + 22.1164), though 10 of 12 foods
existed on or near the regression line. The expected II from the
regression equation, y = 0.746858x + 22.1164, was 69 for 63 of GI
score of potato-2, but the measured value of II was 97 actually.
The range between the calculated II and the measured II was 29
in potato-2. Also, the calculated value of II was 68 for 62 of GI of
noodle-1, while the measured value of II was 22. The range be-
tween the calculated II and the measured II was 46 in noodle-1.
These results suggest that some foods with an extreme value of
II which does not correspond to GI exist rarely in common foods,
and we must perform carefully in diet therapy of diabetes mellitus
and metabolic syndromes.noodle, and difference between AUC-2 h and AUC-3 h after the ingestion of test foods.
AUC-insulin
h* (p-value) 2 h (II) 3 h 2–3 h* (p-value)
100 100 –
05 72 ± 25 84 ± 28 <0.05
05 50 ± 20 58 ± 19 <0.05
05 71 ± 27 84 ± 40 <0.05
05 72 ± 16 91 ± 24 <0.05
N.S. (0.45) N.S. (0.51) –
. (0.80) 75 ± 10 79 ± 31 <0.05
. (0.27) 97 ± 28 108 ± 29 <0.05
05 47 ± 26 47 ± 26 N.S. (0.29)
<0.05 <0.05 –
05 22 ± 19 27 ± 20 <0.05
05 22 ± 12 31 ± 19 <0.05
05 46 ± 17 60 ± 29 <0.05
<0.05 N.S.(0.08) –
05 69 ± 24 70 ± 23 <0.05
05 52 ± 26 53 ± 24 <0.05
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between 2 h and 3 h after the ingestion of test foods
The GI is regularly calculated on the basis of the AUC of incre-
mental blood glucose until 2 h after the ingestion of test materials
versus the ingestion of 50 g of glucose or other reference food.
However, in order to compare the differences in the AUC between
2 h and 3 h after ingestion, the AUCs for 2 h (AUC-2 h-glucose and
AUC-2 h-insulin) and 3 h (AUC-3 h-glucose and AUC-3 h-insulin)
for both incremental blood glucose and insulin were calculated
and compared with each other for some foods in the present study.
All AUC-3 h-glucose of the four white rice cultivars signiﬁcantly
increased somewhat from their respective AUCs-2 h-glucose
(p < 0.05) (Table 2). AUCs-3 h-insulin also increased signiﬁcantly
from AUCs-2 h-insulin among the four white rice cultivars. AUC-
3 h-glucose of potato-3 decreased signiﬁcantly from AUC-2 h-glu-
cose (p < 0.05), but those of the two other cultivars were similar.
AUCs-3 h-insulin was larger than AUCs-2 h-insulin in two culti-
vars, potato-1 and potato-2. Both AUCs-3 h-glucose and AUCs-
3 h-insulin signiﬁcantly increased from the respective AUCs-2 h-
glucose and AUCs-2 h-insulin in all three brands of noodle
(p < 0.05). Additionally, not only AUC-2 h-glucose and AUC-3 h-Table 4
Difference of AUC-8 h-H2 of after the ingestion of test foods among cultivar in rice,
potato, and noodle.
Foods AUC-8 h-H2
Glucose 1.0
Rice
Rice-1 12.3 ± 4.0
Rice-2 10.7 ± 3.2
Rice-3 16.2 ± 5.4
Rice-4 15.7 ± 5.3
Difference in cultivar (p-value) <0.05
Potato
Potato-1 38.4 ± 13.0
Potato-2 24.9 ± 5.9
Potato-3 36.4 ± 20.1
Difference in cultivar (p-value) N.S. (0.72)
Noodle
Noodle-1 19.5 ± 7.6
Noodle-2 29.6 ± 9.3
Noodle-3 15.0 ± 7.6
Difference in brand (p-value) <0.05
White bread 31.4 ± 10.4
Sponge cake 25.9 ± 3.7
Table 3
Glycemic index (GI) and insulinemic index (II) measured directly and calculated by
regression equation on test foods.
Foods Measured Calculated II*
GI II
Glucose 100 100 100
Rice-1 71 72 74
Rice-2 69 50 73
Rice-3 74 71 77
Rice-4 75 72 75
Potato-1 64 75 69
Potato-2 63 97 69
Potato-3 54 47 62
Noodle-1 62 22 68
Noodle-2 38 22 50
Noodle-3 55 46 63
White bread 58 69 65
Sponge cake 64 52 69
* Calculated II: calculated using regression equation, y = 0.746858 + 22.1164x [26].glucose, but also AUC-2 h-insulin and AUC-3 h-insulin were very
similar for white bread and sponge cake.
These results demonstrate that AUC-3 h-glucose and AUC-3 h-
insulin increase from those for 2h in some foods, though they are
similar to their respective AUC-2 h-glucose and AUC-2 h-insulin
in other tested foods.3.4. Interaction among AUC-8 h of breath hydrogen excretion, AUC-
3 h-glucose and AUC-3 h-insulin of test foods
When starchy foods containing 50 g of glucose equivalent were
ingested to test blood glucose response, hydrogen excretion was
simultaneously measured at 0, 1, 2, 3, 4, 5, 6, 7 and 8 h after the
ingestion. The AUCs-8 h of breath hydrogen excretion (AUCs-8 h-
H2) was calculated versus 1 for the ingestion of 50 g of glucose.
AUCs-8 h-H2 were relatively small (12–16), but signiﬁcant,
among the four white rice cultivars, and the values of white rice
with higher GI were smaller than those (38 and 36) of potato-1
and potato-3 with the lower GI (Table 4). AUCs-8 h-H2 of potato-
2 was lower than those of two other cultivars, but not signiﬁcant.
Though the GI scores of noodle-1 and noodle-3 were similar those
of the three potato cultivars, the values (20 and 15) of AUCs-8 h-H2
in the noodle were smaller than those (38, 25 and 36) of the three
potato cultivars. The Pearson correlation was negative between
AUC-8 h-H2 and AUC-2 h-glucose, but not signiﬁcant (r = 0.53).
However, the Pearson correlation between AUC-8 h-H2 and AUC-
3 h-glucose was signiﬁcantly negative in all test foods (r = 0.81,
p < 0.01). In contrast, it was not signiﬁcant between AUC-8 h-H2
and AUC-3 h-insulin in any of the tested foods.4. Discussions
To examine the validity of the GI, the variations in the GI in re-
sponse to various inter-cultivars or inter-brands of three kinds of
food, we measured the responses of both postprandial blood glu-
cose and insulin, the differences in the AUCs of glucose and insulin
for 2 h and 3 h after the ingestion of test substances, and the rela-
tionship between the GI and breath hydrogen excretion time-
dependently after the ingestion of several major foods in healthy
subjects.
The range of GI and II scores was not signiﬁcantly different
among the four tested cultivars of white rice. But II scores were sig-
niﬁcantly different among the three potato cultivars (p < 0.05). In
contrast, both GI and II scores were signiﬁcantly different among
the three noodle cultivars (p < 0.05). These results demonstrate
that there are some foods that show signiﬁcant variation in their
GI scores depending on the cultivar, and that it is not appropriate
to assign a single GI to a given food. Therefore, a separate GI should
be determined for every cultivar of certain foods which include
starchy foods such as cereals, potatoes, and pulses, and should be
offered as information by which to choose suitable foods in diet
therapy for diabetes mellitus.
The GI has been found to correspond statistically to the II in
many foods [26]. However, the present study strongly suggests
that we have to carefully choose foods in diet therapy for diabetes
mellitus, because GI and II were greatly different in different vari-
eties of same type food. Besides, when the GI and II obtained in the
present study was extrapolated to the regression equation
(y = 0.746858x + 22.1164) between GI and II for 43 starchy foods,
by which the data from several papers was combined by Björck
et al. [26], those of potato-2 and noodle-1 were outliers. This fact
demonstrates that there are some foods where the blood glucose
response dose not corresponds to that of insulin. There are many
kinds of potato cultivar in the world, and a large number of people
eat familiarly them. Therefore, GI and II data of foods which many
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therapy of patients with diabetes mellitus.
Furthermore, GI and II of potato-2 were 63 and 97, respectively,
while GI and II of noodle-1 was 62 and 22, respectively. The range
of difference of II was more than four times, but GI was similar.
Hence, these results suggest that the secretion of insulin may bring
into [represent] a large difference of more than four times when
the selection of a certain food is based on GI alone [8–12]. The dis-
crepancy, by which II score is greatly different in foods with similar
value of GI, causes confusion in the selection of suitable foods by
patients with diabetes mellitus, because the diabetic patient ﬁnally
has to save the secretion of insulin from the pancreas.
The GI is calculated based on AUC until 2 h after ingestion in or-
der to control early changes in postprandial blood glucose. The GI
corresponded statistically to the II in all foods used in the present
study. Nevertheless, the AUC-glucose until 3 h or more after inges-
tion may more accurately reﬂect the bioavailability of foods. Both
AUCs-3 h-glucose and AUCs-3 h-insulin of the four cultivars of
white rice and the three brands of noodle increased signiﬁcantly
from AUCs-2 h-glucose and AUCs-2 h-insulin, respectively. But
AUCs-3 h-insulin alone increased from AUCs-2 h-insulin in the
two potato cultivars, though AUC-glucose did not change for 2 h
and 3 h. Some foods whose AUC-3 h-glucose is larger than AUC-
2 h-glucose appear to be slowly digested and absorbed in the small
intestine, while some foods whose AUC-3 h-glucose is similar to
AUC-2 h-glucose appear to be readily digested and absorbed, as
well as glucose. It appears to be important in the diet therapy of
diabetes mellitus that there are some starchy foods whose AUC-
3 h-glucose or AUC-3 h-insulin increases from AUC-2 h-glucose or
AUC-2 h-insulin. So, we need to transmit detailed information to
diet therapy patients. The reason why the response of insulin is dif-
ferent between 2 h and 3 h after the ingestion is unknown, in spite
of GI scores being similar in some foods.
The values of AUC-8 h-H2 were relatively similar in inter-culti-
vars of the same food type except for a few cultivars, but these dif-
fered between the foods used in the present study. They also varied
from subject to subject in the ingestion of potato. This was caused
by the contents of resistant starch or chemical constituents of
starch in potato. The digestibility of carbohydrate or the movement
in the gastrointestinal tract may differ from food to food. The Pear-
son correlation was negative between AUC-8 h-H2 and AUC-3 h-
glucose, but not AUC-2 h-glucose, in all tested foods (r = 0.81,
p < 0.01), though breath hydrogen excretion differed greatly among
the tested foods in the present study. The reason appears to con-
cern that the response of insulin did not correspond to that of glu-
cose in foods such as potato-2, noodle-1 and white rice-2. The
results obtained may provide superior information for selecting
food for diabetes mellitus patients who wish to control their post-
prandial blood glucose and insulin.
The excretion of breath hydrogen demonstrates that the carbo-
hydrates ingested are transferred to the lower intestine and fer-
mented by intestinal microbes. As a result, intestinal microﬂora
is improved by the fermentation of carbohydrates and available
energy, which is provided when the food ingested decreases. Be-
cause the starchy foods in which breath hydrogen excretion is
numerous do not drastically increase blood glucose and insulin
levels, they can be selected for diet therapy in diabetes mellitus.
Therefore, the data accumulation of breath hydrogen excretion of
starch foods appears to help in the selection of foods. In addition,
the low GI foods may cause prebiotic effects as well as non-digest-
ible oligosaccharides. AUCs-8 h-H2 of potato-1, potato-3, white
bread and noodle-2 was high, and those of the four cultivars of
white rice were low in the present study.
In conclusion, GI and II varied greatly among the different cul-
tivars or brands of some foods in the present study, although they
are similar in the cultivars or brands of many other foods. Althoughthe GI for most starchy foods commonly showed a positive corre-
lation to II, there are some foods where GI does not correspond
to II. Although the amount of breath hydrogen excretion varied
from cultivar to cultivar in some foods, it showed a negative corre-
lation to AUC-3 h-glucose of the tested foods. These results indi-
cate that other information such as II, breath hydrogen excretion,
AUC-3 h-glucose and AUC-3-insulin added to GI scores will help
the selection of suitable foods in diet therapy for type-2 diabetes
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